The effects in the chicken embryo assay of four Alternaria metabolites (alternariol [AOH], alternariol methyl ether [AME], altenuene [ALT], and tenuazonic acid [TA]) were investigated. Administered to 7-day-old chicken embryos by yolk sac injection, AOH, AME, and ALT caused no mortality or teratogenic effect at doses up to 1,000, 500, and 1,000 ,ug per egg, respectively. TA exhibited a calculated 50% lethal dose of 548 i'g per egg, with no teratogenic effect observed at either lethal or sublethal doses.
Molds belonging to the genus Alternaria are ubiquitous in nature and are common contaminants of foods and feeds (12) . Since the molds can grow at low temperatures, they are often involved in the spoilage of refrigerated produce (11, 18) . When grown in culture, many Alternaria strains produce secondary metabolites that have been shown to be toxic in a variety of test systems (10, 14, 19) . The major metabolites that have been most extensively studied are alternariol (AOH), alternariol methyl ether (AME), altenuene (ALT), and tenuazonic acid (TA) (Fig. 1) .
Alternaria spp. have been implicated in a poultry disease outbreak called poultry hemorrhagic syndrome (7, 8) . Extracts of Alternaria cultures, or rations on which Alternaria spp. have been cultured, have been shown to be toxic to chicken embryos and day-old chicks (4) (5) (6) 16) . In one study (16) , grains molded by a number of different Alternaria isolates were analyzed for toxin content. Although all four toxins were found, only those diets containing TA showed toxicity. Purified TA also produced mortality in chicken embryos (3) and day-old chicks (9) .
However, studies on the effects in poultry systems of the other major Alternaria metabolites are necessary to disclose their potential roles in the observed toxicity of the molds. This note reports a study on the effects of these metabolites, administered singly and in purified form, in the chicken embryo assay.
Alternaria alternata RL 671-2 and RL 8442-3, obtained from L. M. Seitz, Grain Marketing Research Laboratory, U.S. Department of Agriculture, Manhattan, Kans., were used for toxin production. AOH, AME, and ALT were produced with strain RL 671-2, according to the procedure of Chu and Bennett (2) . AOH, AME, and ALT were quantified by high-performance liquid chromatography, using a reversed-phase column and a water-acetonitrile-glacial acetic acid eluting system. (Details of this high-performance liquid chromatography method will be described elsewhere.) For TA production, strain RL 8442-3 was cultured and extracted in a similar fashion, except that ethyl acetate was used as the extracting solvent in place of methanol. TA was purified from the crude extract by the 5% NaHCO3 extraction technique of Davis et al. (3) . For increased storage stability, TA was converted to its copper salt by the procedure of Rosett et al. (15) ; the free acid was recovered by shaking the salt with 0.2 N HCl-chloroform by the procedure of Stinson et al. (17) . TA was quantified spectrophotometrically (3) .
Eggs from white Leghorn-Rhode Island Red crosses were incubated at the Poultry Research Laboratory, Department of Poultry Science, University of Wisconsin, in incubators equipped with automatic turning trays (James Manufacturing Co., Ft. Atkinson, Wis.). They were candled on day 6 of incubation, and nonviable eggs were discarded.
Toxins were dissolved in dimethyl sulfoxide (Aldrich Chemical Co., Milwaukee, Wis.) and administered on day 7 of incubation. A modification of the yolk sac injection method of Archer (1) was used, in which the shell over the air sac was punctured and the toxins were injected vertically into the yolk. One hundred microliters of toxin was injected per egg. Eggs were candled on day 8 of incubation and every other day thereafter through day 19 , when the eggs were removed from the turning racks and placed in compartmented baskets for hatching. Hatched chicks were weighed and examined for gross external abnormalities. All eggs which remained unhatched by day 23 were opened, and the embryos were examined for gross external abnormalities. Dose-response data were treated by the graphical probits method of Miller and Tainter (13) .
The maximal doses of AOH, AME, and ALT administered were 1,000, 500, and 1,000 ,ug per egg, respectively, the limit determined by the solubility of the metabolites in dimethyl sulfoxide. No mortality, or difference in weight or appearance of hatched chicks from that of controls, was observed at any of the doses tested.
TA elicited dose-related mortality responses over the range of 150 to 1,500 jig per egg (Fig. 2) .
The calculated 50% lethal dose in this system for TA is 548 ,ug per egg. Weight and appearance of hatched chicks also did not differ from controls. Examination of embryos which died or failed to hatch did not disclose any gross external abnormalities. The embryos themselves were not opened for examination of internal morphology. The chicken embryo assay is often used as a convenient assay for toxicity of mycotoxins (1, 3, 21) as well as other compounds (20) . The results of this study show that AOH, AME, and ALT exhibited no toxic effects in this system at the maximal doses used. In addition to of mortality, these metabolites exerted no gross teratogenicity in the developing embryo, an effect of significance in this assay when both fungal extracts (1) and other chemicals (20) are tested. TA, although producing mortality within the dose range tested, elicited no gross teratogenic effect at either lethal or sublethal dose levels.
In a recent study in our lab, day-old chicks fed a standard diet supplemented with purified AME at levels of up to 100 mg/kg of feed for 4 weeks exhibited no mortality or significant loss in performance (G. F. Griffin, V. K. Tsiagbe, M. L. Sunde, and F. S. Chu, Abstr. Annu. Meet. Am. Soc. Microbiol. 1983, 045, p. 247). These data with the present results indicate a general lack of toxicity of AME in poultry systems. If studies with the related metabolites AOH and ALT show similar results, a role for these metabolites in the toxicity of Alternaria-infested rations may be ruled out. Further study of these, and of TA and other Alternaria secondary metabolites, is in order to elucidate fully their contributions to the observed toxic effect of these rations in poultry.
